Pediococcus acidilactici LAB 5 produces antifungal compound(s), as well as bacteriocin, which was isolated from vacuum packed fermented meat. This bacterium exhibits varying degrees of antifungal activity against a number of food and feed borne molds and plant pathogenic fungi, such as Alternaria solani, Aspergillus fumigaus, A. parasiticus, Cladosporium herbarum, Colletotrichum acutatum, Curvularia lunata, Fusarium oxysporum, Microsporium sp, Mucor sp, and Penicillium sp. The production of antifungal compound(s) showed a great degree of media specificity and it was strictly restricted to MRS agar media. No production of antifungal compounds was detected in TGE, and TGE+ Tween 80 plates, though the latter supported the highest amount of bacteriocin production at 37ºC after 24 hrs. Antifungal compound produced by LAB 5 was extracted using diethyl ether. The minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of the compound were determined against Curvularia lunata. Chemically the antifungal substance was a phenolic compound with aromatic unsaturation, as evidenced by UV and IR spectroscopy. This is the first report of the production of antifungal compounds by Pediococcus acidilactici LAB 5.
The use of lactic acid bacteria (LAB) for food and feed preservation has been known for decades as they can produce antibacterial compounds, particularly proteinaceous bacteriocins, hydrogen peroxide and organic acids [1] . Fungal contamination of baked foods is very common and causes great economic loss and public health hazards. Common contaminants of baked and other foods are molds and yeasts, particularly species of Aspergillus, Mucor, Penicillium, and Rhizopus. To combat this spoilage, the use of chemical preservatives is no longer accepted. Due to the "generally regarded as safe" status of lactic acid bacteria (LAB), their use has increased during the last few years. There are many reports on the production of the antibacterial compound, bacteriocin, by LAB [1] [2] [3] , but few for antifungal compound production. There are reports on proteinaceous antifungal compound production by Lactobacillus coryniformis strain Si 3 [4] , of cyclic dipeptides, cyclo (L-Phe-L -Pro) and cyclo (L-Phetrans-4-OH-L-Pro) and 3-phenyllactic acid by L. plantarum Mi LAB 393 [5] , of 3-hydroxy fatty acids by L. plantarum Mi LAB-14 [6] , and of phenyl lactic acid and 4-hydroxy phenyl lactic acid by sourdough, L. plantarum strain 21B [7] . There are also several reports on the production of antifungal compounds by Bacillus sp, [8] [9] [10] [11] , Pseudomonas [12] , Streptomyces [13] , and Stenotrophomonas [14] . However, there are no records for Pediococcus species and that is why we have investigated the production of such compounds in this food grade organism. In this paper, we report on the detection, isolation and partial characterization of the antifungal compound produced by P. acidilactici LAB 5. This is the first report on the production of such a compound from this species.
P. acidilactici LAB 5, isolated from vacuum packed fermented meat products, was screened for bacteriocin production, as previously reported [15] . Leuconostoc mesenteroides Ly were produced. All the bacteriocin producer and indicator strains were cultured in MRS medium. The strain was maintained in 10% glycerol-skim milk at -4ºC. The fungal strains were grown on slopes of malt extract agar (2%) and in the media suggested by MTCC during the procurement of the cultures, and were stored at -4ºC. Identification of the producer strain was based on the cell morphology and carbohydrate fermentation profile using the API CH 50 test, and also by 16s r DNA sequencing (Figure 1 ).
The fungal cultures were grown on malt extract agar (MEA) slopes for 7 -10 days at 25ºC, until sporulation. The spores were collected after vigorous shaking with 10 mL of sterile peptone water (0.2%, wt / vol.), their concentration determined using a Buerkner hemocytometer, and adjusted to 10 5 spores per mL. The antifungal activity was determined either by the overlay method [4] or the agar well diffusion assay [4] . In the overlay method, the producer stain was inoculated as 2 cm long lines on two MRS agar plates and incubated for 48 hrs. The plates were overlaid with 10 mL of ME soft agar (2% ME, 0.7% agar) containing 10 4 spores per mL and incubated for 48 hrs at 28ºC. For the agar well diffusion method, MRS agar plates overlaid with MEA (0.7% agar) containing fungal inocula were prepared. Wells with a diameter of 5 mm were then cut with a sterile cork borer. A drop of melted agar was added to each well to seal any leakage. Samples (30 -50µL) of different concentrations of crude MRS culture aliquot (28ºC, 24 hrs) were added to the wells and allowed to diffuse for 5 hrs at room temperature. The plates were incubated at 28ºC for 48 hrs. The spectrum of antifungal activity was determined by dual culture plate assay using different fungal test organisms ( Table 1 ). The activity was confirmed by the agar well diffusion and paper disc assays using the diethyl ether extracted dimethyl sulfoxide (DMSO) soluble fraction of the antifungal compound. Only DMSO was applied as negative control. A good number of food and feed borne molds and some plant pathogenic fungi such as Alternaria solani, Aspergillus fumigatus, A. parasiticus, Curvularia lunata, Fusarium oxysporum, Microsporium sp, Mucor sp, and Penicillum sp were inhibited in the dual culture agar plate assay. The best antifungal activity was found against Aspergillus spp, Mucor sp and Penicillum spp. The confirmatory agar well diffusion assay and paper disc assay also showed mild inhibition; no inhibition was detected in the DMSO well.
To determine the media specificity for production of antifungal compound(s), the strain was grown in different media like MRS, TGE, and TGE + Tween The production of antifungal compound(s) showed a great degree of media specificity and was restricted to MRS solid media (2% agar, pH 6.5). No production of antifungal compound was detected in MRS broth, semi-solid (0.2%) MRS, TGE, and TGE+ Tween 80 (pH 6.8) broth, and agar plates (figures are not shown), though each of these media supported bacteriocin production in broth and on agar plates (personal communication). The largest inhibition zone against fungi was observed when the strain was grown for 40-48 hrs on MRS agar plates at 28ºC. This restricted production of antifungal compound(s) in only MRS agar media (pH 6.5) and not in TGE and TGE+ Tween 80 (pH 6.8) or in their liquid, and semi-solid (0.2% agar) forms suggests that some triggering factor is present in the MRS medium and also that the state of the medium induces antifungal compound production. In assessing the triggering factor it was also found that when the producer strain, streaked on MRS agar medium and incubated for the same period, was overlaid with soft agar of the respective medium, as suggested for culture by the MTCC, as well as malt extract seeded with the same fungal inocula, it was observed that the antifungal activity was persistent only in the case of malt overlay, but not in the MTCC suggested medium, which is devoid of the malt constituent. So, it was concluded that not only the MRS constituents, but also the malt constituent act as the triggering factor for this antifungal compound production. Extraction of the anti-fungal compound was achieved by scraping the solid agar from the clear areas of the inhibition zone of the dual culture plates. The scraped medium was crushed in a mortar, with gradual addition of organic solvents. Methanol, ethanol, acetone, acetonitrile, ethyl acetate, and diethyl ether were tested for extraction of the antifungal compound. To the crushed paste, a triple amount of the respective organic solvent was added and stirred overnight. The liquid portion was removed and air-dried. This experiment was performed with a large number of plates to obtain a good quantity of the compound, which was extracted using diethyl ether. No active compound was recovered using methanol, ethanol, acetone, acetonitrile, and ethyl acetate. The extracted compound was yellowish with a distinct odor.
Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) were determined following the method of Lavermicocca et al [16] , with slight modification. To determine the 50% MIC (MIC 50 ) and the MFC the diethyl ether extracted DMSO soluble fraction (crude solution) was used for the conidial germination assay. This crude solution was diluted serially with sterile distilled water. Conidia of Curvularia lunata were used as the target organisms using a concentration of 10 3 conidia/ mL. Equal volumes of conidial suspension and antifungal extract from each dilution were mixed and incubated at 28ºC for 12 hrs in grooved slides and the percent germination of conidia was recorded. A mixture of conidial suspension and DMSO solution was used as a negative control. To quantify the MFC, plate counts of the fungi were determined using 10µL of the antifungal compoundtreated conidial suspension, higher than the MIC 50, on MEA plates. The MFC was defined as the lowest concentration in which no conidial germination was observed after 72 hrs of incubation at 28ºC [16] . The activity was compared with a commercial antifungal compound, sodium benzoate. A similar experiment was conducted for the other fungal strains. The 50% minimum inhibitory concentration (MIC 50 ) for Curvularia lunata was found to be 1mg/mL (i.e. at three fold dilution), which is less potent than sodium benzoate, but at higher dilution (7 fold, 0.43 mg/mL), it exerts a greater inhibition than sodium benzoate (Figure 2) . The minimal fungicidal concentration (MFC) of the diethyl ether extract-DMSO soluble fraction (crude solution) was 0.75 mg/mL. This is a preliminary work in characterizing the compound. Experiments for determining the chemical nature and structure of the antifungal compound(s) and also to detect the chemical pathway for the synthesis of the compound(s) are in progress. Results of these findings will be able to project a potential antifungal compound with a new way of synthesis (inducer dependent). This antifungal compound(s) may be applicable for the preservation of fermented and baked foods and may be a future replacement of chemical preservatives for the betterment of man and the environment.
